FE60% % 18H/2023 F 9 B/ A EHBFEHRE AT IS XX

It Bl St FFIHE

JETHAE Y S R A b 22 N T3 55 2 ioe
W RiEGTTE

ARELRIG, NER, FeT HEST
I A T 5 % B 45 o B B A TSR0 1 998 T80 I K 037000
ANPAT A 2B I K 0370095
FARAER U S b T TR B ARG L, K 300072

WE DT A A G /A TS BT R N TSR T A MO, BE 8 K B 2% 3 R A I I 9% [ I AT RO
SR X TLAT 2 2000 € BURe P, AT DATE 48 KU 1 B RR 25 0, O S Al NIRRT R 2% D) B Y e S AR T A
Pea@ AR o T SL AR G JE A T 25 4 B € FIORR AL el — 2 2 T S ROE BT, 8 I S A 2 B BT T B B S R S A XL
DI RE 5 BE 45 2 Kbk 24 N T3 11 A5 28 WO A% i R 4 48 0 O 38 2o vl 01 5020 R D RE A 9 TARPERE . A TAE AR
TR 2% T P S S T AT B — A R AR T AR B MOT R B Y R A R B RS

KEEIE OKBFZ; NTRMFEWHOC; WZHHE; b biEh

RESES 0439 XEERERS A DOI: 10.3788/LOP231273

Characteristics of Terahertz Spoof Surface Plasmonic Lens On-Chip
Based on Gradient Refractive Index

Su Xiaoqgiang', Zhang Yawei’, Deng Fusheng', Xu Quan”, Han Jiaguang’"
'College of Physics and Electronic Science, Shanxi Province Key Laboratory of Microstructure Electromagnetic
Functional Materials, Shanxi Datong University, Datong 037009, Shanxi, China;
*School of Yungang Ology, Shanxi Datong University, Datong 037009, Shanxi, China;
‘Center for Terahertz Waves and College of Precision Instrument and Optoelectronics Engineering, Key

Laboratory of Optoelectronic Information Technology, Tianjin University, Tianjin 300072, China

Abstract The terahertz (THz) field can be confined and manipulated at the sub-wavelength level using spoof surface
plasmon polaritons (SSPPs) formed on structured metal/dielectric interfaces. Furthermore, it is feasible to manipulate
THz waves on a two-dimensional (2D) scale by utilizing the dispersion properties of the unit structure on the geometrical
parameters, which provides a solution for the development of integrated and miniaturized on-chip THz multi-functional
devices. This study proposes a 2D gradient refractive index lens based on the dispersion characteristics of the metallic pillar
structure. THz SSPP devices were designed according to the proposed design scheme for manipulating the propagation,
such as flat telescopes, waveguide couplers, and dual-function lenses, and the working performance of each functional
device was analyzed through electromagnetic simulations. This study not only enhances the different THz surface wave
control devices but can also help develop THz on-chip systems further based on surface plasmon polariton chains.
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Fig. 1 Structure diagrams and parameters of stereo metallic pillar: (a) Three-dimensional diagram of unit cell; (b) dispersion relation for

the fundamental mode in the first Brillouin zone; (c) effective index n. at 0. 75 THz with the lateral width a
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Fig. 2 Scheme and characteristics of on-chip lens based on gradient index: (a) Structure diagram and simulation result; (b) the electric-

field E. distribution in xy and xz cross-section; (c) the normalized electric-field amplitude along the y direction at the focus
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Fig. 3 Schematic diagram and characteristics of planar telescope: (a) Schematic diagram; (b) the electric-field E. distribution in xy cross-

section; (c) the normalized electric-field amplitude along the y direction at the three dashed line position
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Fig. 4 Schematic diagram and characteristics with oblique incidence of planar telescope. (a) Schematic diagram; (b) the electric-field E.

distribution in 2y cross-section
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Fig. 5 Schematic diagram and characteristics of waveguide coupler. (a) Schematic diagram; (b) the electric-field E. distribution in xy

cross-section; (¢) the normalized electric-field amplitude along the x direction on the propagation path of y=0

[ 6 A BT T 8 30 728 T S 25 08 B 0 R 0 0 5 e
% 30°F1 — 30°f THz SSPPs [f] i} 23 B (19 3% 5 | 3%
RS 1Y 75 Ky ) b AR RS I A S A ]
FE T AR S W AE y 1) b X BR S A AE o Sl ARG
M, i A% 14 1 5 R ST 00 A B RRE L, 7R R

ZSEHAHESEETHRNEN S, W@ THz
SSPPs e A & B WA I o BRI B
TE L, T B AR AT O R E B B8 0% IR B S0 B THz
SSPPs i) Z R4 it o b Ah, G i T 3 A JE B T
M1, Y4 THz SSPPs )\ % T — il i5t A R iR py &

BI6 SR 40 45 H R BE IR R MRS I TARPERE o (a) TAR R BI85 (b) M5 43 ik ETE oy BT 89 3% 7 A1

Fig. 6 Schematic diagram and characteristics with two oblique incidence of waveguide coupler. (a) Schematic diagram; (b) the electric-

field E. distribution in &y cross-section
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Fig. 7 Schematic diagram of dual-function lenses
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